Preparations of the "induced protein" which appears in the rat uterus within 40 min of estradiol administration have recently been reported to contain phosphoprotein phosphatase (phosphoprotein phosphohydrolase, EC 3.1.3.16) activity. We found that these two proteins distribute differently on ammonium sulfate fractionation of uterine cytosol. Preparative cellulose acetate electrophoresis afforded complete (>99.9%) separation of phosphoprotein phosphatase activity from the induced protein. The specific activity of phosphoprotein phosphatase in uterine cytosol was unchanged 1, 4, 12, or 24 hr after estradiol administration. These results are incompatible with the view that the induced protein mediates estrogen action by virtue of an inherent phosphoprotein phosphatase activity. Administration of estradiol-17fl to immature rats, or mature ovariectomized rats, results in an increased rate of synthesis of a uterine protein which has been designated "induced protein" (IP) by Notides and Gorski (1). Synthesis of estrogen-induced protein can be detected within 40 min of estradiol injection into rats (2) The proposal of Liu and Greengard (10), that increases in PPPase activity may modulate the response of toad bladder to the steroid hormone aldosterone, lends plausibility to the idea that an increase in PPPase activity may also be involved in the mechanism of estrogen action. In view of the conceptual importance of the identification of the function of IP and the practical advantage of having an enzymic activity for the quantitation of IP in our uterine cell-free synthetic system (11), we investigated the relationship between IP and PPPase. We studied the distribution of IP and PPPase during fractionation by ammonium sulfate precipitation and electrophoresis on cellulose acetate gels and found it possible to separate IP and PPPase activity.
gen-induced protein can be detected within 40 min of estradiol injection into rats (2) or incubation of surviving uteri in physiological concentrations of estrogens (3) . This cytosol protein (4) has a molecular weight of approximately 4 X 104 and an isoelectric point of approximately 4.5 (5) (6) (7) .
Because the appearance of IP represents one of the earliest effects of estradiol on the uterus, Baulieu et al. (8) have proposed that IP is the "key intermediate protein" in the stimulation of bulk RNA synthesis by estradiol. However, until a recent report by Vokaer et al. (9) , no experimental data on the possible function of IP were available. These authors reported that phosphoprotein phosphatase (phosphoprotein phosphohydrolase, EC 3.1.3.16) activity (PPPase) is associated with purified preparations of IP. The proposal of Liu and Greengard (10) , that increases in PPPase activity may modulate the response of toad bladder to the steroid hormone aldosterone, lends plausibility to the idea that an increase in PPPase activity may also be involved in the mechanism of estrogen action. In view of the conceptual importance of the identification of the function of IP and the practical advantage of having an enzymic activity for the quantitation of IP in our uterine cell-free synthetic system (11) , we investigated the relationship between IP After 30 min at 300, ATP (0.1 ml of 350 mM) and 0.9 ml of 100 mM sodium pyrophosphate were added and the reaction was stopped by addition of 25% (w/v) trichloroacetic acid to yield a final concentration of 20%. After centrifugation at 10,000 X g for 10 min, the pellet was extracted with 16 ml of 100 mM sodium pyrophosphate-0.5 mM ATP, and dissolved proteins were reprecipitated in 20% trichloroacetic acid. The centrifugation,. solubilization, and precipitation were repeated. The resulting pellet was extracted with distilled water and the extract was centrifuged to remove insoluble material before being used as substrate. No significant phosphorylation of protein in the enzyme extract was detectable in protamine-free incubations.
Phosphoprotein Phosphatase Assay. The standard assay mixture was modified from that of Vokaer et al. (9) by the addition of ethylenediaminetetraacetic acid (EDTA) and sodium barbitone. It contained, in a volume of 0.2 ml: 0.1 M Tris-HCl pH 7.2, 0.1 mg of disodium EDTA-2H20, 3.5 ,jg of protamine [32P]phosphate (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) ,000 cpm), 20 mM sodium barbitone, together with an amount of PPPase adjusted so that less than 25% of the substrate was degraded. Sodium barbitone (20 mM) was included when necessary as a control Proc. Nat. Acad. SC{. USA 72 (1975) . (4) . Both total and fractionated cytosol preparations were analyzed by electrophoresis (6) on preparative Cellogel blocks (11 X 6 X 0.25 cm) in an apparatus cooled to 00. Up to 500 Ml of sample was applied to the Cellogel block. After 2 hr electrophoresis using 20 mA constant current (approximately 14 V/cm) the block was sliced into 20 strips (0.4 X 6.0 cm). The fluid in each strip (approximately 0.3 ml) was expressed through a 1 ml syringe fitted with a 27 gauge needle. Suitable volumes of these fractions (5-100,Ml) were then assayed for PPPase activity (see above) and for protein concentration by the method of Lowry et al. (17) .
RESULTS
PPPase activity of uterine cytosol No significant variations were observed between the PPPase specific activity of cytosol from control and estradiol-treated uteri at 1, 4, 12, or 24 hr after treatment (Fig. 1) (Fig. 2) . PPPase migrates as a single peak with a mobility relative to bovine serum albumin of approximately 0.5. No PPPase activity (<1% of total) was observed at a mobility of 1.1, to which position IP is known to migrate under these electrophoretic conditions (ref. 6 , Fig. 3 ) in both analytical thin strips and in preparative blocks (6) .
In order to see whether the results of Vokaer et al. (8) were due to the presence of additional species of PPPase which may be associated with IP in adult but not immature rat uteri, we repeated the above electrophoretic separation using cytosol from a proestrous rat (which has the highest endogenous level of IP synthesis [18, 19] 
DISCUSSION
The report of phosphoprotein phosphatase activity in purified preparations of estrogen-induced protein (9) raised the possibility that intrinsic PPPase activity of IP may play a role in the response of the uterus to estrogen. However, we did not detect any increase in the specific activity of PPPase from uterine cytosol after estradiol administration (Fig. 1) . This finding, plus the observation that multiple PPPase activities exist in rat cerebral cortex (14) and liver (20) Fig. 3 .
* IP = (E/2E -C/2ZC)100. WhereE = 3H (estradiol-stimulated) radioactivity detected in the IP band. ZE = Total 3H (estradiol-stimulated) radioactivity detected in the Cellogel strip. C = 14C (control) radioactivity detected in the IP band. 2:C = Total 14C (control) radioactivity detected in the Cellogel strip. The IP band comprises the four slices in the peak area of the isotope ratio curves (Fig. 3b-d ).
(9) we question that there is a biologically significant association between IP and PPPase for the following reasons:
(1) No increase in PPPase activity is observed after estrogen stimulation of synthesis of IP (Fig. 1) .
(2) The PPPase activity reported (9) for purified IP is 0.6-0.9 nmol of [32P]phosphate released per mg of protein per 30 min in an assay system similar to that used in this study. This value is lower than that which we observe for unfractionated uterine cytosol (Fig. 1) . (3) We detected less than 0.1% of recovered uterine PPPase activity in the IP region of electropherograms of a partially purified preparation of IP (Fig. 3) .
Despite early findings (21) , it now seems that neither cAMP levels (22, 23) nor protein kinase levels (23) of immature rat uterus show significant variation after estradiol administration; although a recent report describes estradioldependent increases in uterine cyclic GMP levels (24), neither cAMP (3) nor cGMP (25) has shown any capacity for induction of IP. Furthermore, the lack of phosphorylation of IP itself has been shown in a cell-free system (9) 
